United States Patent m 

Parrack et al. 



US005257261A 

[ii] Patent Number: 
[45] Date of Patent: 



5,257,261 
Oct. 26, 1993 



[54] METHODS AND APPARATUS FOR 
CONCATENATING A PLURALITY OF 
LOWER LEVEL SONET SIGNALS INTO 
HIGHER LEVEL SONET SIGNALS 

[75] Inventors: Bidyut Parruck, Stratford; Robert W. 

Hamlin, Jr., Huntington, both of 
Conn. 

[73] Assignee: TranSwitch Corporation, Shelton, 
Conn. 

[21] Appl.No.: 877,653 
[22] Filed: May 1,1992 

Related VS. Application Data 

[63] Continuation-in-part of Scr. No. 559,636, Jul. 27, 1990. 
Pat. No. 5,142,529, which is a continuation-in-part of 
Scr. No. 848,384, Mar. 9, 1992. 

[51] Int. CU H04J 14/08 

[52] U.S. CI 370/84; 370/112; 

359/115 

[58] Field of Search 370/84, 110.1, 112; 

359/115, 118, 135 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,967,405 10/1990 Upp et al 359/135 

5,040,170 8/1991 Upp et al 370/99 X 

5,065,396 11/1991 CasteUano et al 370/84 

5.134,614 7/1992 Baydar et al 370/U0.1 X . 

5,142,529 8/1992 Parruck et al 370/84 



Primary Examiner— Douglas W. Olms 
Assistant Examiner— Melvin Marcelo 
Attorney, Agent, or .Fz/m—David P. Gordon 

[57] ABSTRACT 

Apparatus and methods for concatenating a plurality of 
lower level SONET signals into higher level SONET 
signals are provided. In generating a higher level 
SONET signal (e.g., STS-12C) using a plurality of 
lower level SONET signal processing apparatus (e.g., 
STS-3 type terminators), the Jl bytes of each lower 
level signal are tracked through the FIFOs of the appa- 
ratus to provide Jl byte control signals, and a logic 
circuit is provided having phase 3 of the outgoing 
STS-3 clock, and the Jl byte control signals from all the 
STS channels of the higher level signal as inputs. The Jl 
byte control signals from all the channels are combined 
as a JIANDcomposite by utilizing a single bus which is 
coupled to each of the apparatus. The logic circuit 
inhibits a read of a Jl byte from any particular FIFO 
unless the JIANDcomposite signal is high at phase 3 of 
the clock. In addition to the Jl byte circuitry, the lower 
level SONET signal processing apparatus are coupled 
to adjacent apparatus so that the B3 parity byte value 
from one apparatus is passed to the next apparatus for 
inclusion in its calculation of the B3 parity byte. Even- 
tually) the master apparatus calculates a B3 parity byte 
for the STS-Nc signal. The master apparatus also pro- 
vides the slave apparatus with transmit and receive SPE 
signals, and a receive Jl signal. 
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apparatus (silicon chips) is obtained by: taking the logi- 

METHODS AND APPARATUS FOR cal AND of a POH synchronous byte control signal 

CONCATENATING A PLURALITY OF LOWER exiting each chip and providing the logical AND as a 
LEVEL SONET SIGNALS INTO HIGHER LEVEL control to inhibit or permit the reading of a Jl byte from 
SONET SIGNALS 5 the data streams of each chip, providing a transmit SPE 

signal from the master chip to the slave chips to further 
This is a continuation-in-part of Ser. No. 07/559,636 control the reading of a Jl byte from the data streams of 
filed Jul. 27, 1990 U.S. Pat. No. 5,142,529 and Ser. No. each chip; and forwarding the BIP-8 parity byte (B3) of 
07/848,334 filed on Mar. 9, 1992, pending which are each chip to another chip, and using the parity bytes of 
both hereby mcorporated by reference herein in their 10 ot h er chips in determining the parity byte for the master 
entireties. chip Thc logical OR of ^ poH synchronous byte 

BACKGROUND OF THE INVENTION control signal exiting each chip is also taken for pur- 

. . „ poses of stuff and destuff decisions. Preferably, the 

This invention generally relates to the optical tele- pqh synchronous byte control signal relates to the Jl 
communications network. More particularly, this in- 15 bytes of ^ SONET signal. Where the silicon chips 
vention relates Jo the support m apparatus which pro- process S TS-1 signals, the POH synchronous byte con- 
cess lower level SOOTT sisals for the concatenation ^ ^ is pn S x M y ^ jj bytc of thc STS-1 signal. 
SONET Z Mgnals mt ° ,cvd Wher£*e silicon chips process STS-3 signals, the POH 

— . ^S™ 5 - synchronous byte control signal is preferably the logical 

lJ£ £ fT°* ,? rV,Cm8 >^ofthetlieeJlbyt«5ftheSTS.lcoir.pon e n1sof 

15 £«?S£L™ u , °- r^.", ? reSe " y STS-3 lignal processed by the STS-3 processing 

evolving from analog transmission to digital transmis- j. r 

sion with ever-increasing bandwidth requirements. , , . , r , ^ . ^ . * 

Fiber optic cable has proved to be a valuable tool of . 1x1 Tl^ r ****** ° f J* c * c 

such evolution, replacing copper cable in nearly ever 25 lo * caI ***** synchronous byte ^ control signal 
application from Urge trLks ^subscriber dbtribution ^ c £? * by co ?* }m * *\ of t * e . exmn * 

plants. Fiber optic cable is capable of carrying much ^hronous byte control signals via tn-state drivers to 

more information than copper with lower attenuation. a ^ bus ' ^ bus u ' ou P lc * via a » ls ' or 

While fiber optic cable represents the future in tele- }° * ? olu & $ource 0^ J^pltage ° n thc bus 

communications, presently there remains an entire tele- 30 ,s ^ nvcn low when any exitmg signal is low. However, 

communications network comprised of various cable' when the exiting signals are high the bus voltage is 

types, served by equipment of different vintages, and * ™ ^ by P" 11 ^ rcslstor - 

run according to various coexisting transmission stan- Similarly, the logical OR of the synchronous byte con- 

dards. While older standards, cables, and equipment C3Utm 8 wch clu P IS takcn b V cou P lm « A * 

will be eventually phased out, for the time being it is 35 exitin 8 control signals via tri-state drivers to a second 

necessary that all the old and new standards, equipment bus which " coupled via a pull-down resistor to a low 

and transmission lines be as compatible as possible. In volta « e s° UTC * < GND ) Whenever any exiting signal is 

fact, even where relatively new optical network equip- hi « h ' the volta « c on the bus " drivcn However, 

ment is in place, such as cross-connection (switch) when «M of the exiting signals are low, the bus voltage 

equipment capable of handling SONET signals such as 40 » t0 a low volta « e level b y pull-down resis- 

STS-1 signals, even higher level signals (such as STS-3 tor * 

and STS-3C, details of which are seen in prior art Additional objects and advantages of the invention 

FIGS. 6ff-6rf) are being generated. Typically, cross- ^ become apparent to those skilled in the art upon 

connection equipment for such high level signals is reference to the detailed description taken in conjunc- 

unavailable or not commonly in place. Thus, in order 45 with the provided figures, 

for higher level signals to be utilized, mechanisms for BRIEF DESCRIPTION OF THE DRAWINGS 
accommodating the higher level signals to the lower 

level equipment are necessary; Le., backwards compata- FIG. la is a block diagram of a plurality of STS-3 

bility is required. In addition, even as apparatus for handling apparatus in conjunction with an STS-12 mul- 

handling SONET signals such as STS-1 and STS-3 are 50 tiplexer/demultiplexer and a terminal, 

being proposed, forward compatability is desirable, FIG- 16 is a signal flow diagram showing the concat- 

such that the same apparatus can be used to process enation signals required for permitting the STS-3 han- 

even higher level SONET signals such as STS-12, etc. dling apparatus to effect the processing and concatena- 

_ „ tion of separate STS-3 type signals into an STS-12 type 

SUMMARY OF THE INVENTION 35 signal. 

It is therefore an object of the invention to provide FIG. lc is a diagram representing the B3 calculation 

mechanisms for the concatenation of separate apparatus for STS-12c signals using four STS-3 type handling 

to effect the recombination of higher level telecommu- apparatus. 

nication signals after they have been broken into a plu- FIG. Id is a block diagram of a preferred STS-3 type 
rality of constituent components for cross-connection 60 handling apparatus shown in FIGS, la and 16 in which 

by lower level cross-connection equipment and/or for retiming and realignment apparatus are found; 

transmission over the switched network. FIG. 2 is a high level block diagram of the preferred 

It is another object of the invention to provide meth- retiming apparatus for STS-3 and STS-3C signals; 

ods and apparatus for concatenating separate chips FIG. 3 is a flow chart of the decision mechanism for 
handling STS-3C signals to effect the handling of an 65 the retiming apparatus of FIG. 2 for STS-3 signals; 

STS-12C signal. FIGS. 4a and 4b together comprise a chart of the 

In accord with the objects of the invention, the con- decision mechanism for the retiming apparatus of FIG. 

catenation of a plurality of SONET signal handling 2 for STS-3C signals; 
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FIG. 5a-l is a logic diagram of an apparatus for re- The calculation of the B3 parity signal is best under- 
aligning STS-3C signals in a single STS-3 type handling stood with reference to FIG. Ic. In particular, in FIG. 
apparatus; lc an STS-12c SPE is represented as having 12x87 

FIGS. 5a-2 and 5j-3 are circuit diagrams for provid- bytes (see also prior art FIG. 6c). The parity byte B3 for 

mg the JIANDcomposite and JlORcomposite signals 5 the STS-12c signal is obtained by taking the logical 

to the realignment apparatus of FIG. XOR of all of the bytes in the STS-Uc SPE; i.e., B3 

FIGS. Sb and 5c are tuning diagrams for an aligned =(A001) XOR (B001) XOR (C001) XOR (D001) XOR 

STS-3C signal and for a misaligned STS-3C signal; , . . XOR (L001) XOR (A002) XOR (B002) XOR . . . 

FIGS. 6a t 6b, and 6c are prior art diagrams showing XOR (K783) XOR (L783). As seen with reference to 

the formats of an STS-N frame, an STS-3 type transport 10 FIG. 16, the parity byte B3 for each STS-3 component 

overhead, and an STS-NC SPE. 0 f the STS-3 signal is preferably calculated in each 

DETAILED DESCRIPTION OF THE STS-3 terminating apparatus, and the output of each 

PREFERRED EMBODIMENTS terminating apparatus is forwarded to the terminating 

. ... apparatus adjacent thereto. Thus, terminating apparatus 

The invention is hereinafter described with reference 15 i0-4 calculates a B3 parity byte according to: 
to the concatenation of four STS-3 type handling (ter- 
minating) apparatus in order to handle a STS-12c type m§i={toM)XOR(JOQ\)xoR(KaQi)X- 
signal. It should be appreciated, however, that the in- OR(ixn\yxoR (*m)X0R {um)xoR . . . 
vention equally applies to the concatenation of any xoR{Tm)XOR{tcm)XOR{Lito) 
number of STSn type handling apparatus, regardless of 20 T . „ , . . ■ . „ 
whether the handling apparatus are STS-1, STS-3 or 11 B noted that Ae t 0 * 00 ) to P ut 15 cach 
other types, and regardless of how many handling appa- tenninating apparatus is preferably identical and there- 
ratus arc being concatenated. fore looks for a B3 from m adjacently lower 

A typical application for high speed data communica- apparatus. As the terminating apparatus 10-4 is the 

tion signals is seen with reference to FIG. la where an 25 " lowest " apparatus in the concatenation chain, there is 

STS-12c type signal is being received and demultiplexed no adjacent apparatus for a B3 signal input, 

by a multiplexer/demultiplexer 7 which also functions **** terminating apparatus 10-3 calculates a B3 parity 

to multiplex four transmitted STS-3 signals. The re- bvtc according to: 

ceived STS-12c type signal is demultiplexed into four „ , n . MA . vno ,^, XVM ,^. v ~ D , mn „ v 

STS-3 type signals by the multiplexer/demultiplexer 7 30 *#3^ 

and forward to four STS-3 type handling apparatus 10 xoR{cn%iyxoR{Hi%l)XOR{mi) 

(10-1, 10-2, 10-3, 104) which are described in more 

detail hereinafter. After handling, the STS-3 type han- In the B3 parity byte calculation, the output of the 

dling apparatus 10 forward the STS-3 type signals to a tenninating apparatus 10-4 is taken into account. Thus, 

terminal 8 which can cross-connect the STS-3 type 35 effectively, the B3 parity byte calculation conducted by 

signals or otherwise terminate them. On the transmit- ternunating apparatus 10-3 determines a parity byte for 

ting side, the terminal 8 is seen sending four STS-3 type six (G, H, I, J, K, L) STS-1 channels, 

signals to the STS-3 type handling apparatus 10. The The terminating apparatus 10-2 likewise calculates 

STS-3 type handling apparatus 10 process the signals the B3 parity byte according to: 

and forward them to the multiplexer/demultiplexer 7 40 

for output as an STS-12c signal. Bin^{BinvcoRijx^\)xoR{BXi\)XOR{F^\)X' 

As shown in FIG. lb, in order for the STS-3 type or(D0C2)XOR . . . 

handling apparatus 10 to properly handle the incoming xoR&m)XOR{EniyxoR(Fm) 

signals and provide them for transmission as an STS-12 * , , 

type signal, the STS-3 handling apparatus 10 are con- 45 ^ maUv ; th v e terminating apparatus 10-1 calculates the 

nected. Thus, on both the transmit and receive side, one B3 * mX V bvte for cntire ST S-1^ signal according 

(the first) of the handling apparatus (10-1) is designated to: 

fo-^T^^^L 01 her £ and,in ? a PP^ tUS ^ m^unnvtonwwoRwnx. 

10-3, and 10-4) as the slaves. The master handling appa- OR(COQi)XOR (A002) xor . 

ratus 10-1 dictates when an incoming SPE and when an 50 X0R(AU3)X0R(£nM)X0R(cin). 
incoming Jl byte are being received and when an out- 
going SPE is to be sent by generating rxSPE, rxJl, and Preferably, the tirning of the B3 parity byte calcula- 
txSPE control signals and sending them to the slave dons is set such that sometime after the corresponding 
handling apparatus. Other connections between the (transmit or receive) Jl byte and preferably several 
handling apparatus 10 include busses 9-1, 9-2 which 55 bytes before the B3 byte (depending upon the number of 
help generate the transmit JIANDcomposite and concatenated chips), the lowest terminating apparatus 
JlORcomposite signals as described in more detail here- (e.g., 10-4) calculates and transmits its B3 parity calcula- 
inafter. As shown in FIG. lb, each of the handling tion to its adjacent terminating apparatus (e.g., 10-3). By 
apparatus are connected to busses 9-1 and 9-2. Also, as the next byte time, the chip receiving the lowest level 
seen in FIG. 16, each handling apparatus is preferably 60 B3 parity calculation, conducts its own B3 parity calcu- 
connected to its adjacent handling apparatus (10^4 being lation as described above, and at the next byte time 
connected to 10-3; 10-3 being connected to 10-2 and transmits its B3 parity calculation to the adjacent higher 
10-4; 10-2 being connected to 10-1 and 10-3; and 10-1 terminating apparatus. This process continues until the 
being connected to 10-2) for the purpose of calculating master receives the B3 parity calculation from its adja- 
a B3 parity signal for the STS-12c signal. If desired, 65 cent slave apparatus in time to calculate the B3 parity 
apparatus 10-1 may be connected to apparatus 10-4 for value for the STS-NC signal for use. 
the purpose of B3 parity byte calculation as discussed Alternatively, the timing of the B3 parity, byte calcu- 
hereinafter. lations may be accomplished sometime after the Jl byte 
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and before the B3 byte by having the lowest terminating to the retiming and pointer calculation block 18. Also 

apparatus calculate its B3 parity value, and then send a sent to the retiming and pointer calculation block 18 is 

control signal which cannot be confused with a parity a SPE control signal which is high when the block 18 is 

value (e.g., 1111111111111111) followed by the B3 par- receiving the SPE, a CU1 control signal which is high 

ity value to the adjacent terminating apparatus. If de- 3 when the CI and the Jl bytes are being received by the 

sired, the master terminating apparatus can tell the low- block 18, and the incoming clock signal. As will be 

est terminating apparatus when to start its B3 parity described in more detail hereinafter with reference to 

byte value calculation by sending the control signal FIG. 2, the retiming and pointer recalculation block 

followed by all zeroes to the lowest slave. Regardless, takes the incoming signal at the incoming STS-3 rate, 

the adjacent terminating apparatus awaits receipt of the 10 demultiplexes the signal into three STS-1 type compo- 

control signal and the B3 parity value before calculating nenlS| dcoiMes new pointers (e.g., H1H2) for each 

ite parity value and sending the same control signal and STS-1 type signal, stuffs and destuffs the STS-1 signals 

B3 calculation to the next higher apparatus. This pro- u ,p prop riate On bytes H3 as seen in FIG. 6* and the 

cess continues untol fte inaster <e.*, 10-1) receives the fin , byte ^ ±e m byte-hereinaftcr referred to as 

control signal and the B3 parity value from the first 15 b ^o )( mi multiplexes the three STS-1 signals back 

slave apparatus (fi.g. 10-2). In this manner the entire ^ a ' retilned sx £ 3 ^ ^ for out ^ ut termi . 

, .^P'^ r 1 * 0 ^ «* nal side clock rate. In .Typical application, the retimed 

knowing where it is in the chain. It should also be ap- STS . 3 , ^giud are then demultiplexed again into 

SEW?" U r hm j ,UeS Can , n STS-1 sig^L cross-connected usinfsTS-1 type 

emulating both the truant and rece,ve B3 panty 20 Th e cross-connected signals are then 

T±m **++fmr*+A ctc t — • * * , A r remultiplexed and fed to the "output side" of the same 

I ne preferred 5TS-3 type terminator apparatus 10 of _ ^* * „ . r ^- , . 
the invention is seen in Fia The termLator appara. or other te^ator blocks 10, details of which will be 
tus 10 includes receive circuitry as well as transmit Mo \ ln ™* CT a Pf h ? a lon ' ^ her . th ? 
circuitry, and both the receive and transmit circuitry 25 demultiplexing the STS-3 signals i into STS-1 signals 
can be used, if desired, in conjunction with cross-con- ^ ™ ^-connected, the STS-3 signal can be 
nection equipment. Hie terminator apparatus 10 shown " *ent 5° a tcrmmal Also instead of mid- 
finds particular use in conjunction with cross-connec ti P lexm B ^ STM Mgntto into an STS-3 signal which is 
tion equipment capable of cross-connecting STS-1 type **** demultiplexed and cross-connected, the individual 
signals, although it can also be used in conjunction with 30 STS1 «■» ** terrninated. Of course, this also 
a terminal or add/drop circuit. It will be appreciated by *K>l«s to terminating STS-12C type signals, 
those skilled in the art that the receive and transmit 0x1 ^ out P ut dde of thc terminator block 10, an 
circuitry of the terminator apparatus 10 of the invention STS * 3 tv Pe si * nal is received which is comprised of 
need not be located on the same physical apparatus. ***** STS1 "S™ 15 which typically have been cross- 
As seen in FIG. Id, on the receive side, where the 35 connected and multiplexed together. Because the STS-3 
terminator apparatus 10 receives a clock signal, a data signals coming back from the cross-connect are at a data 
signal, and a frame signal, pointer tracking circuitry 12 ratc which mav different then the outgoing STS-3 
as is known in the art is used to find the pointers H12 for Iine rate » the signals are demultiplexed, retimed again, 
each of the STS-1 payloads in the received STS-3 sig- multiplexed again at retiming and pointer calcula- 
nal. Where the incoming data signal is an STS-3C sig- 40 ■ tion block 30 (which is typically identical to block 18). 
nal, only one H1H2 pointer is found, as the other HI However, in reconstituting the STS-3 signal, the path 
bytes are provided with a concatenation indication overhead (except for H4) and transport overhead bytes 
(1001001 1), and the other H2 bytes are provided with a * rc multiplexed into the signal at POH mux 32 and TOH 
concatenation indication (11111111)— as may be seen mu * 34 respectively. The information for these over- 
with reference to prior art FIG. 6b. ' 45 ne *d bytes is preferably taken from RAM 22 which 
In accord with the preferred embodiment of the in- receives its information from the alarm and perfor- 
vention, in the terminator apparatus 10, once the H1H2 mance monitors and the microprocessor 25. 
pointer(s) is located, the transmit overhead (TOH) and Turning to FIG. 2, details of the retiming and pointer 
path overhead (POH) are both easily located. The TOH calculation block 18 (and 30) are seen. In particular, the 
is copied at TOH copy circuitry 14, and the TOH bytes 50 retiming apparatus of the invention includes a demulti- 
arc sent to the data RAM 22, from which they may be plexer 40 for demultiplexing an incoming STS-3 type 
read by an external microprocessor 25. Similarly, the signal into three STS-1 type signals, three FIFOs 45-1, 
POH copying circuit 16 copies the POH bytes and 45*2, and 45-3 for receiving the STS-1 signals, three 
sends them to data RAM 22 for monitoring purposes. depth measurement blocks 48-1, 48-2, and 48-3 for mea- 
Thus, as shown in FIG. 14, alarm and performance 55 suring the amount of data in the FIFOs, three frame 
monitors are provided in conjunction with the RAM 22. counters 50-1, 50-2, 50-3 for counting the number of 
The monitors, among other things, preferably perform frames of data that have been demultiplexed since a 
the receive Bl, B2, and B3 parity calculations (B3 being pointer movement, logic decision block 52 for generat- 
calculated as discussed above), pointer justification ing pointer movement (increments and decrements) 
monitoring, and alarm calculation. Sixteen bit counters 60 based on the amount of data in each of the FIFOs, a 
(hot shown) are preferably used to record parity errors, pointer calculation block 54 for generating the pointers 
while eight bit counter (not shown) monitor the number in response to information from logic decision block 52, 
of new data flags and pointer justifications. The counter and a multiplexer 55 for multiplexing the SPE data from 
values and alarm status bits are supplied to the micro- each of the FIFOs, the pointer information as recalcu- 
processor port or interface 20. 65 lated by the pointer calculation block 54, as well as 
Returning to the discussion of the incoming STS-3 other TOH data which may be either "dummy" infor- 
type signal, after the TOH and POH have been copied mation (i.e., all zeros), or data obtained from the RAM 
and sent to RAM 22, the STS-3 type signal is then sent (of FIG. 1*0- 
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The data input to the demultiplexer 40 is effectively used because it is synchronous with the TOH, whereas, 

the STS-3 signal. Accompanying the data input are the if the Jl byte which is synchronous with the SPE were 

mcoming STS-3 clock, an SPE control signal which used, a change in the location of the TOH would cause 

indicates when the incoming data is SPE data, a H3 byte variations in depth measurement. It will be appreciated 
mdicator control, and a C1J1 byte control signal. The 5 by those skilled in the art that other bytes synchronous 

SPE control signal is high only when the data byte with the TOH could also be used in lieu of the 03 byte, 

being received by the demultiplexer 40 is an SPE byte The depth measurement blocks 48-1, 48-2, 48-3, are 

(i.e., a data byte or a POH byte). The CU1 byte control preferably counters. The counters use the byte03 con- 

? gh wnw L« vcr the byte being received by the trol signal exiting the demultiplexer 40 as the start con- 
^^^"^"Vi^ P° r ^ S J S - 3framc - « trol, and the byte03 control signal exiting the FIFO 

£ S ^SEL ^M^^^^" 11 !* 1 * mcans « * c wi * wch hereinafter de- 

wIm££& £ ^pp ^ * °' ^ ^ signal acting to increase the count. The 

2£ S2^i?f i Slg ^l S US f 10 d T*°! sh count of the depth measurement block thereby provides 

Z w£n^ « Mkrtkm ««*ly how many bytes were in the 

hto^iiS 22 SEW* f J1 15 FIFO when the 03 byte was written to the 

is being transmitted, and when SPE is low and CU1 is FTPn ttt™ th+ c rt f u^Ja ft™, ^ rrpn 

high, the CI CTOH) byte is being transmitted. As will be ™? t 5ST2S2SX ? £ 

discussed hereinafter, the Jl pulses are necessary for the ? the ^P^^^f nt . "ock s sent to Ae 

realignment mechanism of the invention, SSte 2S fe^T °1 V?' !°*' dcc * lon b,ock 52 ' 

pulse is preferably used for the retiming mechanism of 20 ™ y * UD P lemented a * microprocessor a 

the invention digital signal processor, or logic circuitry as desired, 

Demultiplexer 40 demultiplexes the incoming STS-3 dct f mmcs Y hcther * StU £° r , a destuff * rc ,^ red for 
type signal into three parts. Effectively, the incoming P ch P^cular outgoing STS-1 component Where the 
STS-3 clock signal is divided into three clocks (clock ^coming signal is a STS-3 signal, each STS-1 compo- 
#1, clock #2, clock #3) by any suitable means such as 25 can * s . tuffed OT destufled separately. However, 
a revolving mod 3 counter (not shown). The resulting 16 wherc ™ c mcomm K S1 8 na ' u a STS-3C signal, as will 
clocks, which are each at one-third the rate of the in- described in more detaiI hereinafter, stuffing or de- 
coming clock are each ANDed together with the SPE 5tuffin 8 of the STS-1 "components" must be done to- 
signal by AND gates 58-1, 58-2, 58-3 to generate three * cther ' 

write signals (write #1, write #2, write #3). The write 30 ^ framc counter blocks 50-1, 50-2, 50-3 are also 

signals cause each of the FIFOs 45-1, 45-2, 45-3 to re- preferably counters. The frame counters use the H3 

ceive the demultiplexed data signals of the SPE only control signal exiting the demultiplexer 40 to increment 

from the demultiplexer 40, with the TOH bytes being count » and as Will be described in more detail here- 

effectively demultiplexed out. inafter, are reset only upon pointer movement which 

The FIFOs 45 of the invention are preferably imple- 35 cff ects a stufT or destuff of the FIFO associated with the 

mented as register banks. The output of the registers are frame counter. It should be appreciated that for an 

tristate drivers, and the registers are written to and read STS-3C signal, only one frame counter block is re- 

from via the use of two walking-one counters. The first quired, as the stuffs or dyestuffs of each STS-1 "compo- 

walking-one counter (which is effectively a recirculat- nent" of the STS-3C signal must occur together. Thus, 

ing bucket-brigade having a single one value and all 40 tne f rame count since the last pointer movement will 

other zeros) is for writing, and acts to latch the incom- always be the same. Regardless of whether one or three 

ing data to the selected (addressed) register; i.e., that frame counter blocks are used, the count(s) from the 

register which has the one value of the walking-one frame counter block(s) are provided to the logic deci- 

counter. The second walking-one counter is for read- s * on block 52. 

ing, and acts to enable the tristate output of the selected 45 The output side of FIFOs 45 utilizes the outgoing 
register. (terminal side) clock and frame, In particular, the refer- 
The preferred FIFOs of the invention are at least ence frame effectively determines when the TOH infor- 
twenty-nine bytes deep and ten bits wide. The particu- mation is required, and hence when the SPE is required 
lar twenty-nine bit depth of the FIFO is chosen based and when the POH information (which is part of the 
on the fact that it is desirable to accommodate at least 50 SPE) is required. The transport overhead, with the 
twelve bytes of delay of one STS-1 signal relative to exception of the HI and H2 bytes, is typically provided 
another $TS-1 signal without generating an error sig- as null data (all zeros). The Hi and H2 bytes of the 
nal; that it is desirable to absorb at least four successive TOH which point to the start of the SPE are generated 
incoming pointer movements (each four frames apart) by the pointer calculation block 54 based on informa- 
without generating an outgoing pointer movement; and 55 tion received by the logic decision block 52 (as is de- 
that at least six bytes of safety are desired. Each of these scribed in more detail hereinafter, and as discussed in 
aspects will be discussed in more detail hereinafter. The the parent application hereto). The only other informa- 
tenbit width of the preferred FIFOs accommodates the tion required in order to generate the outgoing SPE 
eight bits of SPE data bytes, as well as the one bit con- control signal is whether a stuff or destuff is required, 
trol signals Jlbyte and byte03 which accompany the Jl 60 However, that information is supplied by the increment- 
and 03 bytes only (the 03 byte, for purposes herein being and decrement controls output by the logic decision 
defined as the byte which follows the CI byte). As block 52. Thus, when a destuff is required for one, two, 
aforementioned, the Jlbyte control signal is generated or all of the STS-1 components of the signal, the outgo- 
when the SPE is high and the C1J1 control input to ing SPE control will be kept high for one, two, or all H3 
demultiplexer 40 is high. The byte03 control signal, on 65 bytes, while when a stuff is required for one, two, or all 
the other hand is generated the first byte the SPE goes of the STS-1 components the outgoing SPE control will 
high after the SPE control is low and the C1J1 control be kept low for one, two, or all of the three bytes fol- 
input to demultiplexer 40 is high. Thus, the 03 byte is lowing the H3 bytes. 
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The read control signals for the FIFOs are generated FIFO is reset. On the other hand,' if the frame count is 
in much the same fashion as the write control signals. less than the short frame count, a pointer movement is 
Thus, the terminal side reference clock is effectively not allowed, and the logic decision block 52 waits an- 
demultiplexcd into three clocks (outgoing clocks #1, other frame for the next depth evaluation for the partic- 
#2, #3) t and each outgoing clock is ANDed with its 5 ular FIFO. Similarly, at 108, if the particular FIFO 
respective outgoing SPE control signal at AND gates depth is greater than the empty hard limit (e.g„ seven 
*2-l, tt-2, 62-3. Where the outgoing signal is an STS- bytes) but less than the empty soft limit (e.g., eleven 
3C signal, the three different output SPE control signals bytes), a check is made to sec whether the frame count 
will always be high and low together. However, where is greater than the long frame count (e.g., thirty-two 
the outgoing signal is an STS-3 signal, since one STS-1 10 bytes). If yes, at 120, the outgoing pointer increment 
component may require a destuff when the other com- control signal is generated and the frame counter for the 
ponents do not require a destuff, it is possible for one or particular FIFO is reset. If not, the pointer movement is 
two outgoing SPE control signals to be high with the not allowed, and the logic decision block waits another 
other(s) low. On those occasions, the multiplexer 55 frame for the next depth evaluation of the particular 
will receive a TOH byte from, e.g., RAM for one or 15 FIFO. 

two H3 bytes, while receiving an SPE data signal from At 110 and 112, the logic decision block makes similar 
one of the FIFOs for the other H3 byte(s). Regardless, comparisons to those of steps 106 and 108, but for the 
multiplexer 55 multiplexes the data signals from FIFOs situation where the byte depth is greater than the soft or 
45 together with the H1H2 byte information from the hard full limits. Thus, at 110, if the byte depth is greater 
pointer calculation means as well as other TOH infor- 20 than the full soft limit (eg., nineteen bytes) but less than 
mation (which may be all zeros or may be TOH data the full hard limit (twenty-three bytes), then if the frame 
from the RAM), into an STS-3 type signal (i.e., STS-3 count is greater than the long frame count threshold 
or STS-3C signal). (e.g., thirty-two bytes), at 122 a pointer decrement (de- 

Turning to FIG. 3, a flow chart of the logic decision stuff— insert data into H3) control signal is generated 
block 52 for an STS-3 signal is seen. The function of the 25 and the frame counter for the particular FIFO is reset 
logic decision block 52 is to determine when a stufT or On the other hand, if the frame count is less than the full 
destuff is needed, as well as to generate a control signal soft limit, no pointer movement is allowed, and the 
which will cause the stuff or destufT to be effected. logic decision block waits another frame for the next 
Another function of the logic decision block 52 is to depth evaluation of the particular FIFO. Similarly, if 
generate the stuff and destuff control signals in a man- 30 the byte depth is greater than the full hard limit (e.g., 
per which limits jitter. As previously described, the twenty-three bytes), at 112 a determination is made as to 
inputs to the logic decision block include the frame whether the frame count is greater than the short frame 
count(s]and the depth measurements. At step 102, the count of four bytes. If yes, then at 122 the pointer decre- 
logic decision block 52 compares each frame count to ment control signal is generated and the frame counter 
two different thresholds: a "short" threshold; and a 35 for the particular FIFO is reset. If not, no pointer move- 
"long" threshold. The "short" threshold is preferably ment is allowed, and the logic decision block waits 
four frames as according to standards, two pointer another frame for the next depth evaluation of the par- 
movements cannot be conducted within four frames of ticular FIFO. 

each other. The "long" threshold is preferably thirty- In typical functioning, the FIFOs will have fifteen 
two frames, as the maximum permissible difference 40 bytes contained therein. Thus, should the outgoing 
between two SONET signals is 40 ppm, which amounts STS-3 type signal be at a slightly faster rate than the 
to a pointer movement every approximately thirty-one incoming STS-3 type signal, reads from the FIFOs will 
frames. Thus, if two SONET differences are near the occur slightly more often than writes to the FIFOs. As 
maximum permissable difference, and there are no er- a result, the FIFOs will be short on data, the empty soft 
rors in the signals, the long threshold provides a mecha- 45 limit will be reached after many frames, and a stuff 
nism which permits pointer movement on a regular signal (pointer increment) will be generated. Similarly, 
basis to accommodate the permissable differences in the should the outgoing STS-3 type signal be at a slightly 
signals without having to conduct a more jittery short slower rate than the incoming STS-3 type signal, writes 
threshold pointer movement. to the FIFOs will occur slightly more often than reads 

At 104, the logic decision block 52 compares each 50 from the FIFOs. As a result, the FIFOs will be long on 
depth measurement count to four different thresholds: data (i.e., will Mil), the full soft limit will be reached 
an "empty hard limit" ; an "empty soft limit" ; a "full after many frames, and a destuff (pointer decrement) 
soft limit" , and a "full hard limit". In the preferred will be generated. By requiring that at least thirty-two 
embodiment where the FIFO depth is twenty-nine data frames have passed since a previous pointer move- 
bytes, the empty hard limit is set at seven bytes, the 55 ment in the case of meeting the full soft or empty soft 
empty soft limit is set at eleven bytes, the full soft limit limits, limited jitter is guaranteed. Also, by setting the 
is set at nineteen bytes, and the empty hard limit is set at soft thresholds such that the FIFO must have four addi- 
twenty-three bytes. Thus, the previously discussed tional or four fewer bytes than expected to effect 
safety margin of six bytes is provided on either end, and pointer movement, slight relative movements of the 
the difference between the empty hard limit and the full 60 data rates (jitter) which might later cancel out are ac- 
soft limit (as well as the full hard and empty soft limits) commodated without the requirement of pointer move- 
is the preferred twelve bytes. ment. Further, by causing pointer movement to occur 

In accord with the invention, if the particular FIFO as soon as possible after a the empty or full hard limits, 
depth is less than the empty hard limit (e.g., seven the logic decision block effectively accommodates the 
bytes), at 106, a check is made to see whether the frame 65 exigency of the FIFO running out of data or overflow- 
count is greater than the short frame count, and if so, at ing. Also, by setting the hard thresholds more than four 
120, an outgoing pointer increment (stuff) control signal bytes from the empty or overflow states, continuing 
is generated, and the frame counter for the particular operation with stuffing or destuffing is guaranteed even 
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if the difference in incoming and outgoing data rates is is met in each terminating apparatus 10 by taking the 
as large as one byte per four frames, logical AND of the Jl control outputs of the three 

As aforementioned, where the incoming and outgo- FIFOs together with the third clock (clock #3). Then, 
ing signals are STS-3C signals, only one frame counter the logical AND output is ANDed with the logical 
block 50 is required or utilized, and any stufTs and de- 5 AND output of the other concatenated terminating 
stuffs must be made to all three STS-1 components at apparatus 10 to provide a JIANDcomposite signal as 
the same time. Of course, the same applies to STS-12C described below. If, in each terminating apparatus, the 
signals. The logic of the logic decision block for making logical AND of the four inputs together is a one, and 
stuffs and destuffs for the STS-3C signal case is seen in the logical AND of that result for the concatenated 
FIGS. 4a and 4*. As seen in FIGS. 4a and 4b t the deci- 10 apparatus is also a one, then a byte (i.e., the Jl byte) may 
sicm on whether to stuff or destuff is made as a function be read from each FIFO (i.e., the read signal for each 
or the status (i.e., count <empty hard limit; count<- FIFO will go high) of each of the apparatus. Of course, 
empty soft limit; count > full soft limit; count>full hard where the Jl byte control signal is not exiting any par- 
limit) of all of the depth measurement blocks as well as ticular FIFO, then as long as the SPE and clock associ- 
the frame count status (i.e., frame count> short; frame 15 a ted with that particular FIFO are high (as described 
count >long). As seen in FIGS. 4a and 4b, where all of above), a read signal will be generated for that FIFO, 
fte depth measurement indications are the same, the Effectively, then, and as seen in FIG. 5a, a read enable 
decision to stuff or destuff is made accordingly; pro- signal RcadEn is used as a third input into AND gates 
vided, or course that where hard FIFO depth thresh- 6 2 in order to permit read signals to be generated, and 
olds are exceeded, a stuff or destuff is carried out when 20 th c read enable signals are generated according to the 
the frame count exceeds the short frame count thresh- logical equations- 
old (four frames), and that where soft thresholds are 

exceeded, the stuff or destuff is carried out when the RtodEn\={[j\[\\AND A\l\AND . . . ANDJ\[n] 

frame count exceeds the long frame count threshold and clock #1] OR [NOT Jitf))} LATCHED 

Also, as seen in FIGS. 4a and 4b t where any of the 25 with {Clock*) 

FIFOs exceed a hard FIFO depth threshold, a stuff or 0 r lnm ,„„ nP11 „ Mn Ttr , 

desn.fr Is carried am (for all STS-1 components) if the *S£^&J®ffiuiS8« 

frame count exceeds the short frame count threshold with {clock*} 

regardless of the position of the other FIFOs, as long as 

the other FIFOs either exceed a soft or hard threshold 30 RtadEni={[j\[X\ and and . . . and ji[h] 
in the same direction, or are in the normal range. How- i^J^J^VS CNOT JU311) LAtcw> 

ever, where one of the FIFOs exceeds the soft or hard 1Ta XCLOCK 5 * 

threshold in a direction opposite to the FIFO exceeding c . c -re * i 

the hard FIFO depth threshold, an error signal is gener- f™" 3 *W* te™mitong apparanis, implemen- 

ated (see FIG. 46) to indicate that the incoming STS-1 35 Lt?«Ht~Sf JJSSsE 

offset is greater than permitted. ?«f ^ • - **?J? 1, £5'S£ g8te ? 

WithregardtothesVftnFOdepththresholds,astufr u*d^ZL7^^L%£ ^ ?* 
or destuff is only made where all three FIFOs have the ^ ,5 f?i ?£f ' . " 

same indication' Thus, if two FIFOs show that a soft ™1 t^J^S^^Tf • mput , AND 
threshold isexceedeibutoneFIFOshowsthatthesoft 40 ^^£ t ^^^^^'S^J7 
threshold is not exceeded, no action is taken. Likewise, ^ofif ? k ^ I • ? ( ^ lW "- 3, 

where two different FIFOs show that soft thresholds b £^^2^™ V^u P 

different directions are exceeded, no action is taken. Of *™£ h . k P M ? " ^% S V°? 

course, it will be appreciated that similar logic decisions Wlth ^!^' U ? gem * nt 85 > how . n H 1 RG - *»* 

can be made with regard to an STS-1 2C signal which" 45 * henever » J1AN f «£■» from 8 «««n»tmg apparatus 
comprised of twelve STS-1 or four STS-3 component "low, and output of he corresponding Instate driver 

Wth the STS-3C (and STS-12C) signals, « afore- H 9 ^ g0 . wdl pu " * e v< ? lte «? lm « ! M j ow - 

mentioned, stuffs and destuffs must be JL to all of the S^JSS^WJJSS t f± 
STS-1 components at the same time. This is because the 2^^£S«S, 8 S£r f T f « a EE 
structure of the STS-3C signal is more rigid than the 50 » ,S ,0 ^" 0,1 * C 0ther '"J* tf "? of °f . ,1AND 
structure of the STS-3 signfTin that each byte of each ? ^ ST"*™ 

STS-1 component is aligned with the other bytes of the ™ t^X^TK" n S'f ? 

other STS-1 components. Thus, all of the SPEs will " * * J« if . * i£ k .1 « ^ ^ 

start at the same lotion, all of the path overhead bytes J^^^SX? ^£^£5*?*"^^ 
(e.g. ( Jl) will be located together, etc. However, only 55 fS^StSt ^.U ~ t ™ Dcm *»* S1 ^ n 
one H1H2 SPE pointer is provided in the STS-3C (or ^t'^i^^ r^^ * 
STS-12C) signairwith the other HI and HJ byte loca- ^t^^/^TT- ^ 8e "" 
tions being provided with predefined values to indicate ™2 '^S^SS^T^t" ? % f' 
an STS-3C (or STS-12C) signal. mte ? wh " ^f^"? occurs Misalignment (align 

Because the bytes of ft™ STS-NC signal must be 60 SS&S SSS£fSS^"f a ^ 

or through a cross-connect can cause an error in the „ e - 0 » e . T A . * UI ulc 

outgoing STS-NC signal if not properly accounted for. J1 SlgDals W ° ne ' ^S 10111 ^ 1 
This problem is particularly acute on start-up, although Miaiignmat=WQX\ and [Aand] and 

it can occur during regular operation. In accord with 65 [CLOCK 3] 

another aspect of the invention, (re)alignment is ob- 
tained by requiring that all Jl bytes be available for where J10R=[Jip]] OR [Jl[2]] OR ... OR [Jl[n]] 
reading in order and at the same time. This requirement and 
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where J1AND = [Jl[l]] AND [Jlp]J AND . . . AND It will be appreciated by those skilled in the art that 

[Jl[n]]. the realignment techniques disclosed herein may also be 

In other words, whenever one of the Jl values is high, applied to realignment of STS-1 components of an STS- 

if the all of the Jl values are not high together at clock 3C signal where the STS-1 components have been sepa- 

3, there is a misalignment. For an STS-3 type signal, n 5 rately sent through a switched network (and equally for 

equals three, while for an STS-12 type signal, n equals the realignment of STS-1 or STS-3C components of an 

twelve. The misalignment signal is generated as seen in STS-Nc signal where they have been separately sent 

FIGS. 5a-l and 5o-2 with the use of a three input OR through a switched network). In such a situation, it is 

gate 191, an inverter 193, a three input AND gate 195, desirable to provide a large RAM space typically di- 

and tristate drivers 197 (197-1, 197-2, 197-3, 197-4). 10 vided into three (or 3n) sections in lieu of the three (or 

Thus, three input OR gate 191 generates a JIOR signal 3n) FIFOs, as the delays through the switched network 

for each terminating component 10. The J10R signal is can be considerably different (even hundreds of frames 

fed through tristate drivers 197 to bus 9-2 which termi- worth) for each STS-1 component, and extremely large 

nates in pull down resistor 9b which couples the bus 9-2 FIFOs would be very expensive. In such a situation, it 

to a low voltage rail (Ground). When any of the JIOR 15 is also necessary to provide a synchronization mecha- 

aignals are high, the output of the associated tristate nism beyond the Jl byte realignment mechanism, as it is 

driver 197 pulls bus 9*2 high, and the JlORcomposite necessary to realign the frames of one STS-1 compo- 

signal which is taken from the state of the bus 9-2 also nent with the corresponding frames of the other STS-1 

goes high. The JlORcomposite signal, the inverted components. In other words, just aligning the Jl bytes 

JIANDcomposite signal, and clock phase #3 are input 20 does not guarantee proper realignment, as the Jl byte of 

into AND gate 195 to provide the misalignment signal one component may be the Jl byte of a different frame 

as set forth logically above. when delays are large. Thus, in accord with the inven- 

The timing diagrams of FIGS. $b and 5c further ex- tion, the*H4 or an undefined POH byte can be used as a 

plain the mechanism for realigning misaligned signals synchronization signal. For example, one H*4 byte in 

vis-a-vis STS-3 type signals. The realignment of mis- 25 two hundred fifty-six (2 s ) can be coded with all ones, 

aligned STS-12c type signals is a clear extension there- and the other H4 bytes coded as all zeros or as desired, 

from as will be recognized by those skilled in the art. As or the H4 bytes can be coded in a numerical order (one 

seen in FIG. 56, clock #1, clock #2, and clock #3 are to two hundred fifty-six), and at the realignment cir- 

staggered, but together represent the outgoing STS-3C cuitry, the H4 byte or other designated POH byte can 

clock rate. The read[I], read[2], and read[3]signals are 30 be monitored such that only when the three H4 bytes 

being generated in parallel with the clock #1, clock #2/ have all ones (or the same coded number) and then the 

and clock #3 pulses and hence are also staggered. Simi- Jl byte realignment mechanism is satisfied can the read- 

larly, the Jl bytes Jl[l], Jl[2], Jl[3]are staggered, al- ing from the RAM start. In this manner, not only will 

though each is held for three STS-3C clock cycles, such the Jl bytes and hence the SPEs be aligned, but the 

that at a clock #3, all of the Jl bytes are high. Thus, a 35 SPEs of one STS-1 component will be aligned with the 

J1AND signal is generated at clock pulse 5 of FIG. Sb f SPEs of corresponding STS-1 components of the STS-3 

which pulse occurs concurrent with clock #3. Thus, (or SDS-Nc) signal. 

based on the description above, everything is properly There have been described and illustrated herein 

aligned. A JIOR signal is also shown in FIG. 5c. apparatus for the concatenation of STS-N type signals. 

Turning to FIG. 5c, a misaligned signal is seen with 40 It will be appreciated that the methods of the invention 

Jl[3] occurring before Jl(l] and Jl[2]. Thus, at pulse 2 relate directly to the apparatus. While the invention has 

Jl[3] is high without Jlp]and Jl[2]being high, and a been described with particular application to using 

misalignment pulse (align error) occurs. As a result of STS-3 components of an STS-12 type signal, and while 

the misalignment, the read enable signal ReadEn3 as particular embodiments of the invention have been 

seen for clock counts 5-7 does not stay high, and hence 45 described, it is not intended that the invention be limited 

the data read from FIFO 45-3 at that time is the previ- thereto, as it is intended that the invention be as broad in 

ous data and not the Jl[3] data byte. As seen in FIG. 5c, scope as the art will allow and that the specification be 

at pulses 3 and 4, the Jl[l] and Jl[2] signals go high. As read likewise. Thus, while particular logic circuitry has 

a result, because Jl[3] is still high, J1AND goes high for been disclosed for accomplishing realignment, it will be 

two clock pulses (4 and 5). Because clock pulse 5 corre- 50 appreciated that other logic circuitry could be utilized, 

aponds to clock #3, all three FIFOs are read enabled, Also, while a particular TOH synchronous byte (03) 

and the Jl bytes are read consecutively out of the was described as being used for permitting tracking of 

FIFOs as shown. Thus, the STS-3C signal is now re- FIFO depth, and while a particular POH byte (Jl) was 

aligned. described as being used for accomplishing realignment, 

In accord with the preferred embodiment of the in- 55 it will be appreciated that different bytes could be uti- 

vention, when any data byte must be reread from a lized provided that the byte used for tracking FIFO 

FIFO, an error is flagged by setting a misalignment depth is synchronous with the TOH, while the byte 

error bit at the microprocessor interface. The error bit used for establishing realignment of the STS-3C signal 

is effectively set according to the logic that when JIOR is synchronous with the POH. Likewise, a different 

is high, but JIOR AND J1AND is low, the error bit is 60 byte could be used for tracking the number of frames 

set Also, according to the preferred embodiment of the since a last pointer movement was accomplished. Those 

invention, if the error bit is set and an error reset bit is skilled in the art will further appreciate that while the 

set by the microprocessor (which is typically done on invention was described with FIFOs of a preferred 

start-up only), data is sent until the beginning of an SPE depth, and hard and soft thresholds of a certain number 

subframe. Then, the pointers on the register banks of the 65 of bytes, it will be appreciated that FIFOs of a different 

FIFOs are realigned such that the read pointer is half a depth can be utilized, and that the thresholds can be 

FIFO away from the write pointer; i.e , the FIFO is changed, provided, of course, that both hard and soft 

reset to a depth of fifteen bytes. thresholds are utilized in the retiming mechanism. Simi- 
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larly, it will be appreciated that more than two FIFO 
depth thresholds and timing tresholds can be utilized. It 
will therefore be appreciated by those skilled in the art 
that yet other modifications could be made to the pro- 
vided invention without deviating from its spirit and 5 
scope as so claimed. 
We claim: 

1. An apparatus for concatenating a plurality of 
STS-m type signals having SPEs into an STS-n type 
signal having POH bytes, where m is at least 1, and n is 10 
at least three, and n is a multiple of m, comprising: 

(a) at least three substantially identical STS-m type 
signal terminating apparatus, wherein one of said 
plurality of substantially identical STS-m signal 
terminating apparatus is a master apparatus, and 15 
the others of said terminating apparatus are slave 
apparatus; 

(b) in each of said STS-m type signal terminating 
apparatus! 

(1) memory means for storing respective STS-m 20 
type signals, 

(2) writing means and reading means coupled to 
said memory means for writing said STS-m type 
signals into said memory means 

and for reading said STS-m type signals from said 25 
memory means, 

(3) means for generating a first control signal re- 
lated to a predetermined byte which is synchro- 
nous with the POH bytes, 

(4) means for calculating a B3 parity value for the 30 
SPE of the STS-m type signal in conjunction 
with the B3 parity value of an adjacent STS-m 
type signal terminating apparatus, if any, 

(c) control signal generating means in said master 
apparatus for generating a transmit SPE control 35 
signal when said STS-n SPE is to be transmitted; 

(d) means for making a logical AND from said first 
control signals of said STS-m type signal terminat- 
ing apparatus and generating therefrom a compos- 
ite control signal, 40 

wherein said reading means of each of said STS-m 
type signal comprises logic means for receiving 
said composite control signal and said STS-n SPE 
control signal such that reading from said memory 
means is under control of said logic means. 45 

2. An apparatus according to claim 1, wherein: 
each said memory means is a FIFO. 

3. An apparatus according to claim 1, wherein: 
said STS-m signal is an STS-3 type signal, and said 

STS-n signal is an STS-12C type signal, 50 
said at least three substantially identical STS-m type 
signal terminating apparatus comprise four substan- 
tially identical STS-3 type signal terminating appa- 
ratus, 

each memory means of each said STS-3 type signal 55 
terminating apparatus includes at least three dis- 
tinct areas, each for an STS-1 component of its 
STS-3 type signal, and 

each means for generating a first control signal re- 
lated to a predetermined byte which is synchro- 60 
nous with the POH bytes comprises means for 
generating three control signals related to the pre- 
determined byte in each STS-1 component, 
wherein said means for making a logical AND 
from said first control signals of said STS-m type 65 
signal, makes a logical AND of said twelve control 
signals and generates therefrom said composite 
control signal. 
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4. An apparatus according to claim 3, wherein: 
said predetermined byte is a Jl byte. 

5. An apparatus according to claim 3, wherein: 
said means for making a logical AND from said con- 
trol signals comprises a bus coupled to each of said 
STS-3 type signal terminating apparatus. 

6. An apparatus according to claim 5, wherein: 
said predetermined byte is a Ji byte, and 

each said memory means comprises three FIFO 
means. 

7. An apparatus according to claim 3, wherein: 
said four substantially identical STS-3 type signal 

terminating apparatus include said master, a first 
slave, a second slave, and a third slave, 

said means of said third slave for calculating a B3 
parity value calculates a first B3 parity value for 
the three STS-1 components of its STS-3 type 
signal at a first predetermined time between said Jl 
byte and said B3 byte of said STS-12C signal, 

said means of said second slave for calculating a B3 
parity value calculates a second B3 parity value for 
the six STS-1 components of its STS-3 type signal 
and the STS-3 type signal of said third slave at a 
second predetermined time after said first predeter- 
mined time and before said B3 byte of said STS- 
12C signal 

said means of said first slave for calculating a B3 
parity value calculates a third B3 parity value for 
the nine STS-1 components of its STS-3 type signal 
and the STS-3 type signals of said second and third 
slaves at a third predetermined time after said sec- 
ond predetermined time and before said B3 byte of 
said STS-12C signal, and 

said means of said master for calculating a B3 parity 
value calculates a final B3 parity value for the 
twelve STS-1 components of its STS-3 type signal 
and the STS-3 type signals of said first, second and 
third slaves at a fourth predetermined time after 
said third predetermined time and before said B3 
byte of said STS-12C signal. 

8. An apparatus according to claim 3, wherein: 
said four substantially identical STS-3 type signal 

terminating apparatus include said master, a first 
slave, a second slave, and a third slave, 

said means of said third slave for calculating a B3 
parity value calculates a first B3 parity value for 
the three STS-1 components of its STS-3 type 
signal at a time between said Jl byte and said B3 
byte of said STS-12C signal and said third slave 
includes means for sending a B3 control signal and 
then said first B3 parity value to said second slave, 

said means of said second slave for calculating a B3 
parity value calculates a second B3 parity value for 
the six STS-i components of its STS-3 type signal 
and the STS-3 type signal of said third slave at a 
time after said first time and before said B3 byte of 
said STS-12C signal and said second slave includes 
means for sending said B3 control signal and then 
said second B3 parity value to siad first slave, 

said means of said first slave for calculating a B3 
parity value calculates a third B3 parity value for 
the nine STS-1 components of its STS-3 type signal 
and the STS-3 type signals of said second and third 
slaves at a third time after said second time and 
before said B3 byte of said STS-12C signal, and 
said first slave includes means for sending said B3 
control signal and then said third B3 parity value to 
said master, and 
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said means of said master for calculating a B3 parity 
value calculates a final B3 parity value for the 
twelve STS-1 components of its STS-3 type signal 
and the STS-3 type signals of said first second and 
third slaves at a fourth time after said third time 
and before said B3 byte of said STS-12C signal. 
9. A method for concatenating a plurality of STS-m 
type signals having SPEs into an STS-n type signal 
having POH bytes, where m is at least I, and n is at least 
three, and n is a multiple of m, comprising: 

(a) receiving said plurality of STS-m type signals in at 
least three substantially identical STS-m type sig- 
nal terminating apparatus, wherein one of said 
plurality of substantially identical STS-m signal 
terminating apparatus is a master apparatus, and 
the others of said terminating apparatus are slave 
apparatus; 

(b) in each of said STS-m type signal terminating 20 
apparatus, 
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(1) writing each said respective STS-m type signal 
into a memory means of said respective terminat- 
ing apparatus, 

(2) generating a first control signal related to a 
predetermined byte which is synchronous with 
the POH bytes, 

(3) calculating a B3 parity value for the SPE of the 
STS-m type signal in conjunction with the B3 
parity value of an adjacent STS-m type signal 
terminating apparatus, if any, 

(c) in said master apparatus, generating a transmit 
SPE control signal when said STS-n SPE is to be 
transmitted; 

(d) generating a composite control signal by taking a 
logical AND of said generated first control signals, 
and 

(e) under control of said composite control signal and 
said transmit SPE control signal, reading from 
each said memory means to generate said STS-n 
type signal. 
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